Monoaminergic long-term facilitation of GABA-mediated inhibitory transmission at cerebellar synapses.
Long-term facilitation of neurotransmission by monoaminergic systems is implicated in the cellular mechanism of memory and learning-related processes at invertebrate synapses. Using whole-cell recording and rat cerebellar slices, we have examined whether mammalian monoamine-containing neurons play analogous roles in synaptic plasticity, and our results suggest that serotonin and noradrenaline are critically involved in short- and long-term modulation of GABAergic transmission in the cerebellar cortex. Exogenously applied serotonin and noradrenaline selectively induced a short-term enhancement of GABAergic transmission between cerebellar interneurons and Purkinje cells, their effect subsiding in 30 min. Successive amine applications converted this effect to long-term facilitation lasting more than 2 h. During the monoamine-induced short- and long-term facilitation, spontaneously occurring miniature inhibitory synaptic responses increased in frequency, without significant changes in their mean amplitude and amplitude distribution, as well as the GABA receptor sensitivity of Purkinje cells. The actions of the two amines on the inhibitory transmission were mimicked by forskolin and blocked by kinase inhibitors, H-7, H-89 and Rp-adenosine 3',5'-cyclic monophosphothioate. Thus, serotonin and noradrenaline are likely to activate cyclic-AMP- and protein kinase-dependent pathways in GABAergic interneurons, thereby reinforcing the inhibitory transmission on to Purkinje cells. Repetitive electrical stimulation within the molecular layer mimicked the facilitatory effect induced by exogenous monoamines: namely, neural stimulation selectively elicited long-lasting enhancement of GABAergic transmission in a manner sensitive to the monoamine receptor antagonists, methiothepin and propranolol, and an uptake inhibitor, imipramine. Synaptically released monoamines thus appear to induce cyclic-AMP- and protein kinase-dependent long-term facilitation of cerebellar GABAergic transmission, thereby providing a likely mechanism of synaptic plasticity associated with motor coordination within the mammalian cerebellar system.